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Abstract
%DFNJURXQG 5HVHDUFKLQSV\FKRORJ\KDVVKRZQWKDWWKHZD\DSHUVRQZDONVUHIOHFWVWKDWSHUVRQ¶VFXUUHQWPRRGRUHPRWLRQDO
VWDWH5HFHQWVWXGLHVKDYHXVHGPRELOHSKRQHVWRGHWHFWHPRWLRQDOVWDWHVIURPPRYHPHQWGDWD
2EMHFWLYH 7KHREMHFWLYHRIRXUVWXG\ZDV WR LQYHVWLJDWH WKHXVHRIPRYHPHQWVHQVRUGDWDIURPDVPDUWZDWFK WR LQIHUDQ
LQGLYLGXDO¶VHPRWLRQDOVWDWH:HSUHVHQWRXUILQGLQJVRIDXVHUVWXG\ZLWKSDUWLFLSDQWV
0HWKRGV 7KH H[SHULPHQWDO GHVLJQ LV D PL[HGGHVLJQ VWXG\ ZLWKLQVXEMHFWV HPRWLRQV KDSS\ VDG DQG QHXWUDO DQG
EHWZHHQVXEMHFWVVWLPXOXVW\SHDXGLRYLVXDO³PRYLHFOLSV´DQGDXGLR³PXVLFFOLSV´(DFKSDUWLFLSDQWH[SHULHQFHGERWKHPRWLRQV
LQDVLQJOHVWLPXOXVW\SH$OOSDUWLFLSDQWVZDONHGPZKLOHZHDULQJDVPDUWZDWFKRQRQHZULVWDQGDKHDUWUDWHPRQLWRUVWUDS
RQWKHFKHVW7KH\DOVRKDGWRDQVZHUDVKRUWTXHVWLRQQDLUHLWHPV3RVLWLYH$IIHFWDQG1HJDWLYH$IIHFW6FKHGXOH3$1$6
EHIRUHDQGDIWHUH[SHULHQFLQJHDFKHPRWLRQ7KHGDWDREWDLQHGIURPWKHKHDUWUDWHPRQLWRUVHUYHGDVVXSSOHPHQWDU\LQIRUPDWLRQ
WRRXUGDWD:HSHUIRUPHGWLPHVHULHVDQDO\VLVRQGDWDIURPWKHVPDUWZDWFKDQGDW WHVWRQTXHVWLRQQDLUHLWHPVWRPHDVXUHWKH
FKDQJHLQHPRWLRQDOVWDWH+HDUWUDWHGDWDZDVDQDO\]HGXVLQJRQHZD\DQDO\VLVRIYDULDQFH:HH[WUDFWHGIHDWXUHVIURPWKHWLPH
VHULHVXVLQJVOLGLQJZLQGRZVDQGXVHGIHDWXUHVWRWUDLQDQGYDOLGDWHFODVVLILHUVWKDWGHWHUPLQHGDQLQGLYLGXDO¶VHPRWLRQ
5HVXOWV 2YHUDOO\RXQJDGXOWVSDUWLFLSDWHGLQRXUVWXG\RIWKHPZHUHLQFOXGHGIRUWKHDIIHFWLYH3$1$6TXHVWLRQQDLUH
DQGIRUWKHIHDWXUHH[WUDFWLRQDQGEXLOGLQJRISHUVRQDOPRGHOV3DUWLFLSDQWVUHSRUWHGIHHOLQJOHVVQHJDWLYHDIIHFWDIWHUZDWFKLQJ
VDGYLGHRVRUDIWHUOLVWHQLQJWRVDGPXVLF3)RUWKHWDVNRIHPRWLRQUHFRJQLWLRQXVLQJFODVVLILHUVRXUUHVXOWVVKRZHGWKDW
SHUVRQDOPRGHOVRXWSHUIRUPHGSHUVRQDOEDVHOLQHVDQGDFKLHYHGPHGLDQDFFXUDFLHVKLJKHUWKDQIRUDOOFRQGLWLRQVRIWKHGHVLJQ
VWXG\IRUELQDU\FODVVLILFDWLRQRIKDSSLQHVVYHUVXVVDGQHVV
&RQFOXVLRQV 2XUILQGLQJVVKRZWKDWZHDUHDEOHWRGHWHFWFKDQJHVLQWKHHPRWLRQDOVWDWHDVZHOODVLQEHKDYLRUDOUHVSRQVHV
ZLWKGDWDREWDLQHGIURPWKHVPDUWZDWFK7RJHWKHUZLWKKLJKDFFXUDFLHVDFKLHYHGDFURVVDOOXVHUVIRUFODVVLILFDWLRQRIKDSS\YHUVXV
VDGHPRWLRQDOVWDWHVWKLVLVIXUWKHUHYLGHQFHIRUWKHK\SRWKHVLVWKDWPRYHPHQWVHQVRUGDWDFDQEHXVHGIRUHPRWLRQUHFRJQLWLRQ
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Introduction
2XUHPRWLRQDOVWDWHLVRIWHQH[SUHVVHGLQDYDULHW\RIPHDQV
VXFKDVIDFHYRLFHERG\SRVWXUHDQGZDONLQJJDLW>@0DQ\
VWXGLHVDUHFRQGXFWHGLQVWULFWODERUDWRU\VHWWLQJVZKLFKPD\
LPSHGHWKHRYHUDOOHFRORJLFDOYDOLGLW\RIWKHILQGLQJV+DYLQJ
D VWURQJ HFRORJLFDO YDOLGLW\ LV LPSRUWDQW EHFDXVH HPRWLRQDO
H[SUHVVLRQRUGLVSOD\LQDQ\PRGDOLW\LVQRWHQWLUHO\GHSHQGHQW
RQFRQVFLRXVDFWLRQRUIXQFWLRQ,QVWHDGHPRWLRQDOH[SUHVVLRQV
DUHHVVHQWLDOO\DUHVSRQVHWRDSDUWLFXODUDIIHFWLYHVWLPXOXVRU
H[SHULHQFHDQGWKLVUHVSRQVHPLJKWEHUHGXFHGLQDODERUDWRU\
DVDUHVXOWRIVRFLDOGHVLUDELOLW\
6SHHFKYLGHRDQGSK\VLRORJLFDOGDWDKDYHEHHQDQDO\]HGWR
GHWHUPLQH WKH HPRWLRQDO VWDWH RI D SHUVRQ >@ EXW WKHVH
DQDO\VHV XVXDOO\ UHO\ RQ UHFRUGLQJV REWDLQHG LQ ODERUDWRU\
HQYLURQPHQWV ZLWK OLPLWHG HFRORJLFDO YDOLGLW\ 7R IRUPXODWH
WKHRUHWLFDOPRGHOVRIHPRWLRQVDQGDIIHFWLYHKHDOWK WKDW WDNH
LQWRDFFRXQWWKHULFKQHVVRIHYHU\GD\OLIHZHQHHGWRPHDVXUH
DIIHFWLYHVWDWHVXQREWUXVLYHO\0RELOHSKRQHVLQFOXGHVHQVRUV
VXFKDVDFFHOHURPHWHUVWKDWKDYHWKHSRWHQWLDOWREHVHQVLWLYH
WRFKDQJHVLQSHRSOH¶VDIIHFWLYHVWDWHVDQGWKXVFRXOGSURYLGH
ULFKDQGDFFHVVLEOHLQIRUPDWLRQLQWKLVUHVSHFWIRUH[DPSOHZH
NQRZWKDWWKHZD\ZHZDONUHIOHFWVZKHWKHUZHIHHOKDSS\RU
VDG>@7KLVSDSHUDQDO\]HVPRYHPHQWVHQVRUGDWDUHFRUGHG
YLDDVPDUWZDWFKLQUHODWLRQWRFKDQJHVLQHPRWLRQV
3ULRU ZRUN RQ HPRWLRQ GHWHFWLRQ IURP PRELOH SKRQH GDWD
LQFOXGHVDQDO\VLVRIW\SLQJEHKDYLRURQDPRELOHSKRQH>@
DQG PRELOH SKRQH XVDJH >@ 7KH (PRWLRQ6HQVH V\VWHP
SHUIRUPHG HPRWLRQ GHWHFWLRQ GLUHFWO\ RQ PRELOH SKRQHV YLD
DQDO\VLVRIVSHHFKZLWKDGGLWLRQDOVHQVRUVFROOHFWLQJLQIRUPDWLRQ
DERXW WKH XVHU DQG WKH HQYLURQPHQW >@ +RZHYHU WKHUH DUH
VRPHLQGLFDWLRQVWKDWPRYHPHQWVHQVRUGDWDFROOHFWHGE\PRELOH
SKRQHV FRXOG EH D YLDEOH VROXWLRQ IRU LQIHUULQJ HPRWLRQ DV
RSSRVHGWRLQIHUULQJPRYHPHQWRUSK\VLFDODFWLYLWLHV&XLHWDO
DWWHPSWHGWRUHFRUGSDUWLFLSDQWV¶PRYHPHQWVZLWKPRELOHSKRQHV
VWUDSSHGWRWKHLUDQNOHVDQGZULVWVWKXVLPSDLULQJHFRORJLFDO
YDOLGLW\ >@ +DSSLQHVV DQG DQJHU ZHUH HOLFLWHG ZLWK YLGHR
VWLPXOL DQG HPRWLRQDO VWDWH FODVVLILHUV ZHUH WUDLQHG ZLWK
DFFHOHURPHWHUGDWD>@=KDQJHWDODOVRIRFXVHGRQKDSSLQHVV
DQGDQJHUEXWWKH\UHFRUGHGPRYHPHQWGDWDZLWKVPDUWEUDFHOHWV
>@$FFXUDFLHVLQGHWHFWLQJWKHVHHPRWLRQVUDQJHGIURP
WRDFURVVDOOVXEMHFWVXVLQJIROGFURVVYDOLGDWLRQ>@
7KHVHFDVHVKDYHPRWLYDWHGIXUWKHUUHVHDUFKRQ WUDFNLQJDQG
DQDO\VLVRIVHQVRUGDWDIURPPRELOHSKRQHVDQGZHDUDEOHVZLWK
WKHJRDORIPRQLWRULQJDQG LQWHUYHQLQJIRUSDWLHQWVVXIIHULQJ
IURP PHQWDO LOOQHVVHV RU VXEVWDQFH DEXVH >@ )XUWKHU
YDOLGDWLRQLVQHHGHGIRUWKHK\SRWKHVLVWKDWPRYHPHQWVHQVRU
GDWDFDQEHXVHGWRUHFRJQL]HHPRWLRQDOVWDWHV0RYHPHQWGDWD
DUHRISDUWLFXODULQWHUHVWEHFDXVHDFFHOHURPHWHUVDQGJ\URVFRSHV
DUHVWDQGDUGVHQVRUVLQPRELOHSKRQHVZHDUDEOHVDQGILWQHVV
WUDFNHUV 0RYHPHQW GDWD FROOHFWLRQ LV XQREWUXVLYH DQG LW
UHTXLUHVQRXVHULQSXW>@ZKLFKJLYHVXVUHOLDEOHGDWDLQWKH
UHDOZRUOGZLWKRXWWKHSRVVLELOLW\RIKDYLQJVRFLDOGHVLUDELOLW\
UHVSRQVHV
7RZDUGWKHHQGZHPDNHWKHIROORZLQJFRQWULEXWLRQV)LUVWZH
FRQGXFWHGDPL[HGGHVLJQVWXG\DVVHHQLQ)LJXUHZLWK
SDUWLFLSDQWVWRWHVWWZRW\SHVRIVWLPXOLDXGLRYLVXDODQGDXGLR
IRUHOLFLWLQJHPRWLRQDOUHVSRQVHVIURPSDUWLFLSDQWV3DUWLFLSDQWV
ZRUHDVPDUWZDWFKRQWKHZULVWDQGDKHDUWUDWHVWUDSRQWKH
FKHVW 7KH KHDUW UDWH VWUDS ZDV LQFOXGHG WR VXSSOHPHQW GDWD
FROOHFWHGIURP3RVLWLYH$IIHFWDQG1HJDWLYH$IIHFW6FKHGXOH
3$1$6 VFRUHV >@ $IWHU RU ZKLOH ZDWFKLQJ HPRWLRQDO
VWLPXOLSDUWLFLSDQWVZDONHGDQGWKHSURFHVVZDVUHSHDWHGWKUHH
WLPHVIRUHDFKRIWKHIROORZLQJHPRWLRQVKDSS\QHXWUDODQG
VDG:HH[WUDFWHGIHDWXUHVIURPVHQVRUGDWDDQGEXLOWFODVVLILHUV
SHUVRQDOPRGHOV WKDW UHFRJQL]HG WKH HPRWLRQDO VWDWHRI WKH
XVHU 2XU UHVXOWV VKRZ WKDW SHUVRQDO PRGHOV RXWSHUIRUPHG
SHUVRQDOEDVHOLQHVDQGDFKLHYHGPHGLDQDFFXUDFLHVKLJKHUWKDQ
 IRU DOO FRQGLWLRQV RI WKH GHVLJQ VWXG\ IRU ELQDU\
FODVVLILFDWLRQ RI KDSSLQHVV YHUVXV VDGQHVV 7KLV SDSHU LV DQ
H[WHQGHGYHUVLRQRISUHOLPLQDU\ILQGLQJVSXEOLVKHG>@
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HPRWLRQDOVWDWHVRQSDUWLFLSDQWV3$1$63RVLWLYH$IIHFWDQG1HJDWLYH$IIHFW6FKHGXOH
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Methods
3DUWLFLSDQWV
,QWRWDO\RXQJDGXOWVSDUWLFLSDWHGLQWKLVVWXG\IHPDOHV
PHDQDJH>6'@\HDUV$OOSDUWLFLSDQWVZHUHUHFUXLWHG
LQDXQLYHUVLW\FDPSXV1RUWK:HVW8.YLDDQQRXQFHPHQWV
RQQRWLFHERDUGVDQGE\ZRUGRIPRXWK(DFKSDUWLFLSDQWZDV
JLYHQIRUSDUWLFLSDWLRQ1RQHRIWKHSDUWLFLSDQWVUHSRUWHGDQ\
YLVLRQRUKHDULQJGLIILFXOWLHVDQGFRXOGZDONXQDVVLVWHG
(WKLFV$SSURYDO
:HREWDLQHGHWKLFDODSSURYDOIURP6XQZD\8QLYHUVLW\(WKLFV
%RDUG 685(&  DQG KDG LW YDOLGDWHG E\ /DQFDVWHU
8QLYHUVLW\WRFRQGXFWERWKYDOLGDWLRQDQGWKHDFWXDOPDLQVWXG\
H[SHULPHQW
0DWHULDOV
7KH VWXG\ LQFOXGHG WKH IROORZLQJ WZR W\SHV RI VWLPXOL D
DXGLRYLVXDODQGEDXGLR
$XGLRYLVXDO
$XGLRYLVXDOFOLSVZHUHVHOHFWHGIURPFRPPHUFLDOPRYLHVZLWK
WKHSRWHQWLDORIEHLQJSHUFHLYHGDVKDYLQJHPRWLRQDOPHDQLQJ
LH VDGQHVV DQG KDSSLQHVV DQG DEOH WR HOLFLW HPRWLRQDO
UHVSRQVHV&RPPHUFLDOPRYLHVZHUHVHOHFWHGIURP*URVVDQG
/HYHQVRQ>@%DUWROOLQL>@6FKDHIHUHWDO>@DQGIURP
\RXQJ DGXOWV  IHPDOHV PHDQ DJH  \HDUV $QRWKHU 
SDUWLFLSDQWVIHPDOHVPHDQDJH>6'@\HDUVZHUH
DVNHG WR LGHQWLI\HDFKRI WKHVHFOLSV LQ WHUPVRI WKHHPRWLRQ
WKH\IHOWZKLOHZDWFKLQJDQGWKHLQWHQVLW\RIWKHHPRWLRQWKH\
IHOWXVLQJDWR/LNHUWVFDOHKDUGO\YHU\PXFKOLNHO\
7KH\ZHUHDOVRDVNHGLIWKH\KDGZDWFKHGWKDWPRYLHEHIRUH
2QDYHUDJHRQO\RQHSDUWLFLSDQWKDGVHHQWKDWPRYLHEHIRUH
3DUWLFLSDQWVUHSRUWHGWKDWWKH\IHOWWKHHPRWLRQLQWHQGHGIRUDOO
FOLSV  DFFXUDF\ DQG WKH LQWHQVLW\ H[SHULHQFHG UDQJHG
EHWZHHQWRIRUKDSS\DQGVDGFOLSVUHVSHFWLYHO\7DEOH
 LQFOXGHVWKHPRYLHFOLSVXVHGLQRXUVWXG\
$XGLR
)RU DXGLR VWLPXOL SLHFHV RI FODVVLFDO PXVLF NQRZQ WR HOLFLW
KDSS\ VDGDQGHPRWLRQDOO\QHXWUDO VWDWHVZHUHFKRVHQ >@
7DEOH LQFOXGHVVHOHFWHGFOLSV
3URFHGXUH
$OO SDUWLFLSDQWVZHUHSUHVHQWHGZLWKKDSS\ VDG DQGQHXWUDO
VWLPXOL$WKLUGRIWKHSDUWLFLSDQWVQ ZHUHSUHVHQWHGZLWK
DXGLRYLVXDOVWLPXOLLHYLGHRVZKHUHDVWKHRWKHUSDUWLFLSDQWV
Q ZHUHSUHVHQWHGZLWKDXGLRVWLPXOLLHFODVVLFDOPXVLF
+DOIWKHSDUWLFLSDQWVQ ZKRZHUHDVVLJQHGWRDXGLRVWLPXOL
OLVWHQHGWRWKHPSULRUWRZDONLQJZKHUHDVWKHRWKHUKDOIQ 
OLVWHQHG WR VWLPXOL ZKLOH WKH\ ZHUH ZDONLQJ (LJKWHHQ
SDUWLFLSDQWV Q  ZKR ZHUH DVVLJQHG WR ZDWFK HPRWLRQDO
YLGHRV ZDWFKHG WKHP SULRU WR ZDONLQJ $VVLJQPHQW WR HDFK
FRQGLWLRQZDVUDQGRP7RFRXQWHUSRVVLEOHRUGHUHIIHFWVKDOI
WKHSDUWLFLSDQWVZHUHSUHVHQWHGZLWKVDGVWLPXOLILUVWZKHUHDV
WKH RWKHU KDOI ZHUH SUHVHQWHG ZLWK KDSS\ VWLPXOL ILUVW (DFK
SDUWLFLSDQW ZDV WHVWHG LQGLYLGXDOO\ DQG WKH WDVN WRRN
DSSUR[LPDWHO\PLQXWHVWRFRPSOHWH$OOGDWDZDVFROOHFWHG
EHWZHHQDQGKWRDFFRXQWIRUSHDNIRRWWUDIILF
7DEOH 0RYLHVXVHGWRLQGXFHKDSS\DQGVDGHPRWLRQV
6FHQH(PRWLRQDQGPRYLH
+DSS\
3DWULFNVHUHQDGHV.DWDULQDLQVWDGLXP7KLQJV,+DWH$ERXW<RX 
'LVFXVVLRQRIRUJDVPVLQFDIH:KHQ+DUU\0HW6DOO\ 
0DU\KDLUJHOVFHQH7KHUH¶V6RPHWKLQJDERXW0DU\ 
%ODFN.QLJKWILJKWV.LQJ$UWKXU0RQW\3\WKRQ 
)DFWRU\ZRUNHULQDVVHPEO\OLQH0RGHUQ7LPHV 
$UULYDOKDOOVVFHQHLQ+HDWKURZDLUSRUW/RYH$FWXDOO\ 
(9$NLVVHV:DOO(:DOO( 
6DPUROOGDQFHLQGLQHU%HQQ\	-RRQ 
6DG
&RRSHUZDWFKHVYLGHRPHVVDJHVVHQWE\KLVFKLOGUHQ,QWHUVWHOODU 
0LFKDHOUHZLQGVKLVSDVWWRUHFDOOQRWVD\LQJJRRGE\HWRKLVIDWKHU&OLFN 
+DFKLNRZDLWVDWWKHWUDLQVWDWLRQ+DFKL 
'HDWKRI%URRNV6KDZVKDQN5HGHPSWLRQ 
0RWKHULVLQIRUPHGRIWKHGHDWKVRIDOORI3ULYDWH5\DQ¶VEURWKHUV6DYLQJ3ULYDWH5\DQ 
0DUOH\LVHXWKDQL]HGLQWKHYHWHULQDULDQFOLQLF0DUOH\	0H 
%R\FULHVDWIDWKHU¶VGHDWK7KH&KDPS 
7KRPDV¶VIXQHUDO0\*LUO 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7DEOH 0XVLFDOSLHFHVXVHGWRLQGXFHKDSS\DQGVDGHPRWLRQVDQGQHXWUDORQHV
&RPSRVHU(PRWLRQDQGSLHFH
+DSS\
%L]HW&DUPHQ³&KDQVRQGX7RUHDGRU´
0R]DUW³$OOHJUR´²$/LWWOH1LJKW0XVLF
0R]DUW³5RQGR$OOHJUR´²$/LWWOH1LJKW0XVLF
6WUDXVV³%OXH'DQXEH´
6WUDXVV³5DGHW]N\0DUFK´
6DG
$OELQRQL$GDJLRLQ6RO0LQRU
%UXFK³.RO1LGUHL´
*ULHJ³6ROYHLJ¶VVRQJ´²3HHU*\QW
5RGULJR&RQFLHUWRGH$UDQMXH]
6LQGLQJ6XLWHIRUYLROLQ	RUFKHVWUDLQ$PLQRU
1HXWUDO
6FKXPDQQ³/¶RLVHDXSURSKHWH´
%HHWKRYHQ³$X&ODLUGHOXQH´
'HEXVV\³&ODLUGHOXQH´
0DKOHU6\PSKRQ\QRLQ&PLQRU
9HUGL/D7UDYLDWD
0XVVRUJVN\3LFWXUHVDWDQ([KLELWLRQ
+DQGHO³:DWHU0XVLF6XLWH3DVVHSLHG´
%HHWKRYHQ³9LROLQ5RPDQFHQRLQ)PDMRU´
+DQGHO³:DWHU0XVLF´²PLQXHW
+ROVW7KH3ODQHWV ²³9HQXV´
7KHWKUHHFRQGLWLRQVRIWKHPL[HGGHVLJQVWXG\DUHSUHVHQWHG
LQ)LJXUH DQGDUHDVIROORZV&RQGLWLRQ²ZDWFKLQJWKHPRYLH
FOLSSULRUWRZDONLQJ&RQGLWLRQ²OLVWHQLQJWRWKHPXVLFSULRU
WR ZDONLQJ DQG &RQGLWLRQ ²OLVWHQLQJ WR WKH PXVLF ZKLOH
ZDONLQJ
(DFKSDUWLFLSDQWZDVILUVWJUHHWHGE\WKHH[SHULPHQWHUDWRQH
HQGRIWKHFRUULGRUDQGZDVKHOSHGWRSXWRQYDULRXVLWHPV)LUVW
WKHSDUWLFLSDQWKDG WKHKHDUW UDWH VHQVRU 3RODU+ VWUDSSHG
VQXJO\DURXQGWKHFKHVW7KHFRUUHVSRQGLQJZDWFK3RODU0
ZDVVWUDSSHGRQWRWKHH[SHULPHQWHU¶VZULVW7KHZDWFKZDVVHW
WR WKH ³RWKHU LQGRRU´ VSRUW SURILOH 6HFRQG WKH SDUWLFLSDQW
VWUDSSHG D VPDUW ZDWFK 6DPVXQJ *HDU  RQ WKH OHIW ZULVW
3DUWLFLSDQWV ZRUH VHQVRUV IRU WKH HQWLUH GXUDWLRQ RI WKH
H[SHULPHQW7KHVPDUWZDWFKLQFOXGHGDWULD[LDODFFHOHURPHWHU
DQGDWULD[LDOJ\URVFRSH7KHVDPSOLQJUDWHRIWKHVPDUWZDWFK
LV DGYHUWLVHG DV  +] EXW RXU UHVXOWV VKRZ WKDW WKH DFWXDO
VDPSOLQJUDWHRQDYHUDJHZDV+])RUWKHVPDUWZDWFKZH
GHYHORSHG D 7L]HQ DSS WKDW UHFRUGHG DFFHOHURPHWHU DQG
J\URVFRSHVHQVRUGDWD
3DUWLFLSDQWVUDWHGWKHLUFXUUHQWPRRGVWDWHXVLQJ3$1$6>@
RQDLQFKWDEOHW3$1$6FRQWDLQVDGMHFWLYHVIRUSRVLWLYH
HJMR\DQGDGMHFWLYHVIRUQHJDWLYHIHHOLQJVHJDQ[LHW\
6FRUHVFDQUDQJHIURPWRZLWKKLJKHUVFRUHVUHSUHVHQWLQJ
KLJKHUOHYHOVRIDIIHFW7KHKHDUWUDWHVHQVRUZDVXVHGLQWKH
VWXG\WRVXSSOHPHQWGDWDFROOHFWHGIURP3$1$6VFRUHV>@
)RU &RQGLWLRQV  DQG  LQ ZKLFK WKH VWLPXOXV SUHVHQWDWLRQ
RFFXUUHGEHIRUHZDONLQJSDUWLFLSDQWVZRUHDSDLURIKHDGSKRQHV
WROLVWHQRUZDWFKWKHDVVLJQHGVWLPXOLHJVDGPXVLFRUKDSS\
PRYLHZKLOHDWWKHVWDUWRIDZDONLQJURXWH$WWKHHQGRIWKH
VWLPXOXVWKHSDUWLFLSDQWZDONHGWRWKHHQGRIWKHURXWHDQGEDFN
WRWKHVWDUWLQJSRLQW3DUWLFLSDQWVZHUHUHPLQGHGQRWWRPDNH
DQ\VWRSVLQEHWZHHQ7KHURXWHZDVUHSUHVHQWHGE\DP
6VKDSHGFRUULGRUORFDWHGRQWKHJURXQGIORRURIDXQLYHUVLW\
EXLOGLQJ7KHH[SHULPHQWHUGLVFUHHWO\IROORZHGWKHSDUWLFLSDQW
DWDPGLVWDQFHWRREVHUYHWKHEHKDYLRUDQGWRHQVXUHWKDW
KHDUWUDWHPRQLWRULQJZDVFDSWXUHGE\WKHZDWFK8SRQUHWXUQ
SDUWLFLSDQWV UDWHG WKHLUPRRGXVLQJ WKH VDPH3$1$6VFDOHV
%HFDXVHRIWKHLQLWLDOPRRGLQGXFWLRQZHDOZD\VKDGDQHXWUDO
FRQGLWLRQEHWZHHQKDSS\DQGVDGFRQGLWLRQVWRDOORZUHWXUQWR
WKHEDVHOLQHFDOPVWDWH)RUDOOSDUWLFLSDQWVWKHQHXWUDOVWLPXOXV
ZDVFODVVLFDOPXVLFIRUWKHDXGLRW\SHRUDPRYLHZLWKFODVVLFDO
PXVLF SOD\LQJ LQ WKH EDFNJURXQG DQG GHSLFWLQJ DQ HYHU\GD\
VFHQH7KHVDPHSURFHGXUHDERYHUDWLQJWKHLULQLWLDOPRRGXVLQJ
3$1$6ZDWFKLQJRUOLVWHQLQJWRDVWLPXOXVZDONLQJDORQJWKH
FRUULGRUDQGEDFNDQGUDWLQJ WKHLUPRRGZDVDSSOLHG WR WKH
QHXWUDODQGVHFRQGHPRWLRQ
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,Q &RQGLWLRQ  ZKLFK LQFOXGHG OLVWHQLQJ ZKLOH ZDONLQJ WKH
SURFHGXUHZDVVLPLODUDVDERYHH[FHSWWKDWWKHSDUWLFLSDQWZDV
OLVWHQLQJWRWKHDVVLJQHGPXVLFZKLOHZDONLQJDQGSDUWLFLSDQWV
UHSRUWHG3$1$6VFRUHVDIWHUZDONLQJ
)HDWXUH([WUDFWLRQ
'XULQJWKHH[SHULPHQWWKHH[SHULPHQWHUUHFRUGHGWKHWLPHHDFK
SDUWLFLSDQWVWDUWHGDQGVWRSSHGZDONLQJ7KHVHWLPHVZHUHXVHG
WRLGHQWLI\VHQVRUGDWDWKDWFRUUHVSRQGHGWRWKHDFWXDOZDONLQJ
WLPH:HGLVFDUGHGVHQVRUGDWDZKHQSDUWLFLSDQWVZHUHEULHIHG
DQGZKHQSDUWLFLSDQWVZDWFKHGRUOLVWHQHGWRWKHVWLPXOXVSULRU
WRZDONLQJ
7KHZDONLQJWLPHVZHUHODEHOHGDFFRUGLQJWRWKHFRUUHVSRQGLQJ
HPRWLRQDOVWLPXOXVSUHVHQWHGEHIRUHZDONLQJIRUH[DPSOHLI
WKHSDUWLFLSDQWYLHZHGDPRYLHFOLSNQRZQWRLQGXFHKDSSLQHVV
DOORIWKHIHDWXUHVH[WUDFWHGIURPWKHVXEVHTXHQWZDONLQJGDWD
ZHUHODEHOHGDVKDSS\7KHVHODEHOVZHUHXVHGWRWUDLQFODVVLILHUV
IRU WKH UHFRJQLWLRQ RI KDSSLQHVV YHUVXV VDGQHVV :H SUHVHQW
FODVVLILHUUHVXOWVIRUWKHWZRFODVVSUREOHPRIGHWHFWLQJKDSS\
YHUVXVVDGHPRWLRQVDQGIRUWKHWKUHHFODVVSUREOHPRIGHWHFWLQJ
KDSS\YHUVXVVDGYHUVXVQHXWUDOHPRWLRQV
:H ILUVW ILOWHUHG UDZ DFFHOHURPHWHU GDWD ZLWK D PHDQ ILOWHU
ZLQGRZ  )HDWXUHV ZHUH H[WUDFWHG IURP VOLGLQJ ZLQGRZV
ZLWKDVL]HRIRQHVHFRQGVDPSOHVZLWKRYHUODS2XU
IHDWXUHH[WUDFWLRQDSSURDFKLVVLPLODUWRWKDWXVHGIRUDFWLYLW\
UHFRJQLWLRQIURPPRELOHSKRQHDFFHOHURPHWHUGDWD>@WKDW
LVHDFKZLQGRZLVWUHDWHGDVDQLQGHSHQGHQWVDPSOHIHDWXUH
YHFWRU:HDGGUHVVQHLJKERUKRRGELDVZKHQEXLOGLQJPRGHOV
IURPDFFHOHURPHWHUVOLGLQJZLQGRZVLQWKHUHVXOWVVHFWLRQ>@
)RU HDFK ZLQGRZ RI WKH WULD[LDO DFFHOHURPHWHU DQG WULD[LDO
J\URVFRSHGDWDZHH[WUDFWHG IHDWXUHV >@ PHDQ 
6'PD[LPXPPLQLPXPHQHUJ\NXUWRVLV
VNHZQHVVURRWPHDQVTXDUHURRWVXPVTXDUHVXP
VXPRIDEVROXWHYDOXHVPHDQRIDEVROXWHYDOXHV
UDQJHPHGLDQXSSHUTXDUWLOHORZHUTXDUWLOHDQG
PHGLDQDEVROXWHGHYLDWLRQ7KHVHIHDWXUHVZHUHH[WUDFWHG
IURPHDFKRIWKHD[HVRIWKHDFFHOHURPHWHUGDWDDQGHDFKRI
WKHD[HVRIWKHJ\URVFRSHGDWDUHVXOWLQJLQIHDWXUHV:H
DOVR FDOFXODWHG WKH DQJOH EHWZHHQ WKH VLJQDO PHDQ ZLWKLQ D
ZLQGRZDQGWKH[D[LV\D[LVDQG]D[LVIHDWXUHV6'RI
VLJQDOPDJQLWXGHRQHIHDWXUHDQGWKHKHDUWUDWHRQHIHDWXUH
IRUDWRWDORIIHDWXUHVIRUWKHIHDWXUHYHFWRURIDZLQGRZ
8QOHVV VWDWHG RWKHUZLVH ZH XVHG DOO  IHDWXUHV IRU
FODVVLILFDWLRQ +RZHYHU ZH GR H[SORUH FODVVLILFDWLRQ
SHUIRUPDQFHEDVHGRQIHDWXUHVFRUUHVSRQGLQJWRFHUWDLQVHQVRUV
DFFHOHURPHWHU J\URVFRSH DQG KHDUW UDWH DFFHOHURPHWHU DQG
KHDUWUDWHDQGDFFHOHURPHWHU
:HGLYLGHGGDWDE\FRQGLWLRQDQGEXLOWSHUVRQDOPRGHOVZLWK
IHDWXUHVH[WUDFWHGIURPHDFKZLQGRZ>@,QSHUVRQDOPRGHOV
WUDLQLQJDQGWHVWLQJGDWDFRPHIURPDVLQJOHXVHU,QRXUFDVH
ZH EXLOW  SHUVRQDO PRGHOV GDWD IURP  SDUWLFLSDQWV ZHUH
GLVFDUGHGEHFDXVHRIPLVVLQJGDWDDQGRWKHUUHFRUGLQJHUURUV
ZLWK HDFK PRGHO HYDOXDWHG XVLQJ VWUDWLILHG IROG
FURVVYDOLGDWLRQWKDWZDVUHSHDWHGWLPHV)RUHDFKSDUWLFLSDQW
ZHREWDLQHGDPHDQRIVDPSOHVODEHOHGDVKDSS\
  VDPSOHV ODEHOHG DV VDG DQG  
VDPSOHVODEHOHGDVQHXWUDO2IWKHSHUVRQDOPRGHOVEXLOW
ZHUHIURP&RQGLWLRQZDWFKPRYLHDQGWKHQZDONZHUH
IURP&RQGLWLRQOLVWHQWRPXVLFDQGWKHQZDONDQGZHUH
IURP&RQGLWLRQOLVWHQWRPXVLFDQGWKHQZDON
:HFRPSDUHGUDQGRPIRUHVWPRGHOVZLWKHVWLPDWRUVDQG
ORJLVWLF UHJUHVVLRQ ZLWK / UHJXODUL]DWLRQ DQG D EDVHOLQH
FODVVLILHUWKDWSLFNHGWKHPDMRULW\FODVVDVWKHSUHGLFWLRQ7KH
S\WKRQ VFLNLWOHDUQ OLEUDU\ ZDV XVHG IRU WUDLQLQJ DQG WHVWLQJ
WKHVH FODVVLILHUV %HFDXVH WKH QXPEHU RI VDPSOHV ODEHOHG DV
KDSS\YHUVXVVDGIRUHDFKSDUWLFLSDQWZDVDSSUR[LPDWHO\WKH
VDPHWKHEDVHOLQHFODVVLILHUSUHGLFWHGHDFKZLQGRZDVKDSS\
YHUVXVVDGZLWKDERXWDSUREDELOLW\LHDOOVDPSOHVIRUXVHU
L ZHUHFODVVLILHGDVKDSS\UHVXOWLQJLQDERXWDFFXUDF\
)RU ELQDU\ FODVVLILFDWLRQ RI KDSS\ YHUVXV VDG ZH XVH WKH
DFFXUDF\WKH)VFRUHDQGWKHDUHDXQGHUWKHUHFHLYHURSHUDWLQJ
FKDUDFWHULVWLF FXUYH 52& $8& WR DVVHVV FODVVLILFDWLRQ
SHUIRUPDQFH)RUPXOWLFODVVFODVVLILFDWLRQRIKDSS\YHUVXVVDG
YHUVXVQHXWUDOZHXVHWKHDFFXUDF\DQGWKH)VFRUH
Results
(FRORJLFDO9DOLGLW\&KHFNV
:KHQDVNHG DERXW WKHLU H[SHULHQFH LQXVLQJ D VPDUW JDGJHW
PRVWSDUWLFLSDQWVZHUHIDPLOLDUDQGFRPIRUWDEOHZLWKWKHVPDUW
ZDWFKEXWQRWZLWKWKH3RODUKHDUWUDWHPRQLWRU7KH\GLGQRW
QRWLFH DQ\WKLQJ XQXVXDO DERXW WKH VWXG\ WKDW PLJKW KDYH
LQIOXHQFHGWKHLUZDONLQJJDLWDQGEHKDYLRUDOUHVSRQVH
%HKDYLRUDO5HVSRQVHWR6WLPXOL3RVLWLYH$IIHFWDQG
1HJDWLYH$IIHFW6FKHGXOH2XWFRPHV
:HDQDO\]HG3$1$6UHVSRQVHVIRUDOOFRQGLWLRQVRQWKHKDSS\
YHUVXV VDG VWLPXOL 2QH SDUWLFLSDQW¶V GDWD ZDV H[FOXGHG IRU
EHLQJLQFRPSOHWHWKXVOHDYLQJIRUDQDO\VHVIRU&RQGLWLRQ
IRU&RQGLWLRQDQGIRU&RQGLWLRQ:HILUVWUHYLHZHG
QRUPDOLW\ DQG IRXQG WKDW GDWD ZDV QRUPDOO\ GLVWULEXWHG IRU
&RQGLWLRQVDQGEXWQRWIRU&RQGLWLRQYLVXDOKLVWRJUDPV
ZHUH VNHZHG DQG 6KDSLUR:LON 3 6HH 0XOWLPHGLD
$SSHQGL[ IRU3$1$6VFRUHVIRUHDFKHPRWLRQ
&RQGLWLRQ:DWFK0RYLHDQG7KHQ:DON
3DUWLFLSDQWVUHSRUWHGDUHGXFHGQHJDWLYHDIIHFWDIWHUZDWFKLQJ
DVDGPRYLHFOLSPHDQ>6'@FRPSDUHGZLWKWKDW
EHIRUHZDWFKLQJLWPHDQ>6'@W 3 
7KHUHZDVQRVLJQLILFDQWGLIIHUHQFHIRUWKHSRVLWLYHDIIHFWIRU
WKHVDGPRYLHW 3 DQGIRUERWKDIIHFWVZLWKUHVSHFW
WRWKHRWKHUWZRHPRWLRQVKDSSLQHVVDQGQHXWUDODOO3 YDOXHV
ZHUH!
&RQGLWLRQ/LVWHQWR0XVLFDQG7KHQ:DON
)RUVDGPXVLFSDUWLFLSDQWVUHSRUWHGDQLQFUHDVHGSRVLWLYHHIIHFW
DIWHUWKHZDONPHDQ>6'@FRPSDUHGZLWKWKDWEHIRUH
ZDWFKLQJLWPHDQ>6'@W 3 DQGUHGXFHG
QHJDWLYH DIIHFW DIWHU PHDQ >6'@ FRPSDUHGZLWK
WKDWEHIRUHZDWFKLQJPHDQ>6'@W 3 
3DUWLFLSDQWVUHSRUWHGUHGXFHGSRVLWLYHDIIHFWDIWHUOLVWHQLQJWR
KDSS\PXVLFPHDQ>6'@FRPSDUHGZLWKWKDWEHIRUH
ZDWFKLQJ LW PHDQ >6'@ W 3 EXWQR
VLJQLILFDQWGLIIHUHQFHIRUQHJDWLYHDIIHFWW 3 7KHUH
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ZDVQRVLJQLILFDQWGLIIHUHQFHIRUQHXWUDOPXVLFIRUERWKDIIHFWV
ERWK3 YDOXHVZHUH!
&RQGLWLRQ/LVWHQWR0XVLF:KLOH:DONLQJ
3DUWLFLSDQWVUHSRUWHGDQLQFUHDVHGQHJDWLYHDIIHFWZKLOHZDONLQJ
DQGOLVWHQLQJWRKDSS\PXVLFPHDQ>6'@FRPSDUHG
ZLWKQHXWUDO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D$8&DUHDXQGHUWKHFXUYH
+RZHYHU WKH SHUIRUPDQFH RI PRGHOV UHPDLQV KLJKHU WKDQ
SHUVRQDOEDVHOLQHVZLWK WKHH[FHSWLRQRIDIHZXVHUV2QO\D
TXDUWHURIEDVHOLQHPRGHOVXQGHU&RQGLWLRQDQG&RQGLWLRQ
DFKLHYHG DFFXUDFLHV UDQJLQJ IURP  WR  WKH UHVW KDYH
DFFXUDFLHV RI  7KLV LV H[SHFWHG EHFDXVH D EDVHOLQH PRGHO
SUHGLFWHGRQWKHPDMRULW\FODVVZLOODFKLHYHDQDFFXUDF\RI
ZKHQWHVWHGRQDFRQWLJXRXVEORFNRIWKHRSSRVLWHFODVV
:HFRQFOXGHWKDWIRUDWOHDVWKDOIWKHSDUWLFLSDQWVLQ&RQGLWLRQ
PRYLHDQG&RQGLWLRQPXVLFZKLOHZDONLQJPRGHOVDUH
OLNHO\OHDUQLQJSDWWHUQVDVVRFLDWHGZLWKVDGDQGKDSS\HPRWLRQV
,QDGGLWLRQKLJKDFFXUDFLHVLQGLFDWHWKDWPRGHOSHUIRUPDQFHLV
QRWDUHVXOWRIQHLJKERUKRRGELDV>@
*HQHUDOL]LQJ$FURVV8VHUV
:H FRQGXFWHG OHDYHRQHXVHURXW FURVVYDOLGDWLRQ WR DVVHVV
KRZZHOODPRGHOWUDLQHGRQGDWDIURPFHUWDLQXVHUVZRXOGEH
DEOHWRJHQHUDOL]HWRDXVHUIRUZKRPQRGDWDDUHDYDLODEOH:H
FRPSDUHGERWKWKHORJLVWLFUHJUHVVLRQDQGUDQGRPIRUHVWPRGHO
+RZHYHUUDQGRPIRUHVWPRGHOVSHUIRUPHGVLPLODUO\RUZRUVH
WKDQORJLVWLFUHJUHVVLRQWKHUHIRUHZHRQO\GLVFXVVHGUHVXOWVRI
WKHEHVWSHUIRUPLQJ ORJLVWLF UHJUHVVLRQFRPSDUHGDJDLQVW WKH
EDVHOLQH VHH7DEOH/RJLVWLF UHJUHVVLRQSHUIRUPHGSRRUO\
DFURVVDOO FRQGLWLRQV VKRZLQJ WKDWXVLQJGDWD IURPGLIIHUHQW
XVHUV WR GR HPRWLRQ UHFRJQLWLRQ RQ D GLIIHUHQW XVHU LV QRW
SRVVLEOH ZLWK FXUUHQW IHDWXUHV DQG ORJLVWLF UHJUHVVLRQ /RZ
DFFXUDFLHVDFURVVDOOFRQGLWLRQVVKRZWKDW WKHEHKDYLRU IURP
XVHUWRXVHUYDULHVFRQVLGHUDEO\HYHQZKHQSHUIRUPLQJDVLPLODU
DFWLRQ2ZLQJWRWKHVPDOOQXPEHURIXVHUVSHUFRQGLWLRQ
GDWDPD\QRWEHHQRXJKWRPDNHDFFXUDWHSUHGLFWLRQVIRUXVHUV
QRWLQFOXGHGLQWKHWUDLQLQJVHW>@+RZHYHULWDOVRKLJKOLJKWV
DOLPLWDWLRQLQRXUPRGHOLQJDSSURDFKLQWKDWGLIIHUHQWIHDWXUHV
RUPRUHDGYDQFHGPRGHOVPD\EHQHFHVVDU\WRJHQHUDOL]HDFURVV
XVHUV,GHDOO\GHSOR\PHQWRIDQDSSVKRXOGLQFOXGHDQLQLWLDO
GDWDFROOHFWLRQDQGFDOLEUDWLRQSKDVHZKLFKFDQEHXVHGWREXLOG
DKLJKDFFXUDF\SHUVRQDOPRGHOIRUHDFKXVHU
0RGHO,QWHUSUHWDELOLW\
:HDGGUHVVPRGHOLQWHUSUHWDELOLW\WKDWLVKRZPRGHOVDUHDEOH
WRGLIIHUHQWLDWHEHWZHHQHPRWLRQVE\H[DPLQLQJ LQIRUPDWLRQ
JDLQRIIHDWXUHV5DQGRPIRUHVWPRGHOVFDQEHLQWHUSUHWHGE\
H[DPLQLQJIHDWXUHLPSRUWDQFHVDQGORJLVWLFUHJUHVVLRQFDQEH
LQWHUSUHWHGE\WKHVLJQDQGYDOXHRIWKHFRHIILFLHQWV5DQGRP
IRUHVWPRGHOVRXWSHUIRUPHGORJLVWLFUHJUHVVLRQLQRXUUHVXOWV
WKHUHIRUHZHOLPLWRXUDQDO\VLVWRIHDWXUHLPSRUWDQFHVRIUDQGRP
IRUHVWPRGHOV
%HFDXVHZHDUHEXLOGLQJSHUVRQDOPRGHOVIHDWXUHVWKDWPLJKW
EH LPSRUWDQW IRURQHXVHUPD\EH OHVV LPSRUWDQW IRUDQRWKHU
XVHU 7R VKRZ WKLV ZH SORWWHG WKH GLVWULEXWLRQ RI IHDWXUH
LPSRUWDQFH YDOXHV IRU HDFK IHDWXUH DFURVV DOO XVHUV XVLQJ
ER[SORWVDVVHHQLQ)LJXUH%R[SORWVDUHVRUWHGE\PHGLDQ
DQGZHLQFOXGHGRQO\WKHWRSIHDWXUHVIRUYLVLELOLW\ZLWKWKH
WUHQGRIWKHUHPDLQLQJIHDWXUHVEHLQJDERXWWKHVDPH7RREWDLQ
IHDWXUHLPSRUWDQFHVIRUHDFKXVHUZHFRPSXWHGWKHPHDQIHDWXUH
LPSRUWDQFHIRUHDFKIHDWXUHLQFURVVYDOLGDWLRQIROGVDQGGLYLGHG
HDFKIHDWXUHE\WKHPD[LPXPIHDWXUHLPSRUWDQFHYDOXH7KXV
DYDOXHRILQGLFDWHVWKDWDIHDWXUHZDVWKHPRVWLPSRUWDQW
DPRQJDOOWKHIHDWXUHV
$ FRPSDFW ER[SORW LQGLFDWHV WKDW WKH IHDWXUH KDV VLPLODU
LPSRUWDQFHDFURVVDOOXVHUV2QWKHRWKHUKDQGDER[SORWZLWK
DODUJHVSUHDGLQGLFDWHVWKDWWKHIHDWXUHLVLPSRUWDQWIRUVRPH
XVHUVEXWOHVVLPSRUWDQWIRURWKHUXVHUV)RUDOOFRQGLWLRQVKHDUW
UDWHZDV WKHPRVW LPSRUWDQW IHDWXUH ,Q IDFW IRU&RQGLWLRQ
PRYLHKHDUWUDWHZDVWKHPRVWLPSRUWDQWIHDWXUHIRUDWOHDVW
KDOI RI XVHUV PHGLDQ  7KH UHVW RI WKH IHDWXUHV KDYH
GLVWULEXWLRQVZLWKVPRRWKO\GHFUHDVLQJPHGLDQVEXWZLWKKHDUW
UDWHEHLQJWKHRQO\IHDWXUHZLWKDFOHDUGLIIHUHQFHIURPRWKHU
IHDWXUHV
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)LJXUH 'LVWULEXWLRQRIIHDWXUHLPSRUWDQFHVSHUIHDWXUHIRUDOOSHUVRQDOPRGHOV$FFDFFHOHURPHWHU*\URJ\URVFRSH
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%HKDYLRUDO5HVSRQVHWR6WLPXOL
3DUWLFLSDQWVUHSRUWHGIHHOLQJOHVVQHJDWLYHDIIHFWDIWHUZDWFKLQJ
VDGYLGHRVRUDIWHUOLVWHQLQJWRVDGPXVLF7KLVLVFRQWUDU\WR
WKHRWKHUFRQGLWLRQOLVWHQLQJWRPXVLFZKLOHZDONLQJLQZKLFK
SDUWLFLSDQWVUHSRUWHGIHHOLQJPRUHQHJDWLYHGXULQJKDSS\VWLPXOL
FRPSDUHGZLWKWKHQHXWUDORQHV2XUILQGLQJVVXJJHVWWKDWWKH
ZDONLQJ DFWLYLW\ DIWHU H[SHULHQFLQJ D VWLPXOXV LV XVHIXO WR
DOOHYLDWHQHJDWLYHPRRGVLPLODU WR WKDW UHSRUWHG>@ EXW
QRW ZKLOH H[SHULHQFLQJ VWLPXOL 2QH UHDVRQ IRU WKLV LV WKDW
SDUWLFLSDQWVZHUHIRFXVHGRQWKHVRQJDQGSRVVLEO\WKHFKDQJH
EHWZHHQPXVLFW\SHVFUHDWHVUHVHQWPHQWRUXQKDSSLQHVV6RPH
VWXGLHVVXJJHVWWKDWSHRSOHPD\SUHIHUVDGPXVLF>@ZKLFK
PD\LQIOXHQFHSDUWLFLSDQWV¶UHVSRQVHWRZDUGVWLPXOL+RZHYHU
DVXEVHWRISDUWLFLSDQWVUHSRUWHGOLNLQJWKHVDGVWLPXOXVWKH
OHDVWFRPSDUHGZLWKKDSS\DQGQHXWUDOVWLPXOLVXJJHVWLQJWKDW
WKLV LVQRWDFDVHRI OLNLQJVDGPXVLFPRUH WKDQRWKHUV7KLV
SHUVRQDOSUHIHUHQFHVHOIUHSRUWIXUWKHUDGGVFUHGHQFHWR3$1$6
UHVXOWVWKDWZDONLQJLVXVHIXOLQDOOHYLDWLQJQHJDWLYHPRRG
)URPKHDUWUDWHGDWDRXUSDUWLFLSDQWVGLGQRWH[SHULHQFHDQ\
VLJQLILFDQW GLIIHUHQFH LQ KHDUW UDWH EHWZHHQ HPRWLRQV 2QH
SRVVLEOHH[SODQDWLRQLVWKDWZDONLQJLWVHOILVDYLJRURXVDFWLYLW\
FRPSDUHG ZLWK VWDQGLQJ VWLOO WKXV WKH EULHI H[SRVXUH WR
HPRWLRQDO VWLPXOXV PD\ QRW KDYH EHHQ FDSWXUHG KROLVWLFDOO\
7KH RWKHU SRVVLEOH H[SODQDWLRQ LV WKDW ERWK HPRWLRQV ZHUH
HTXDOO\VXFFHVVIXOLQHYRNLQJWKHLUHPRWLRQDOVWDWHVWKHUHIRUH
WKHUH ZDV D QRQVLJQLILFDQW GLIIHUHQFH EHWZHHQ WKHP
1RQHWKHOHVVGDWDIURP3$1$6VXJJHVWWKDWLWLVOLNHO\WKHODWWHU
EHFDXVHSDUWLFLSDQWVUHSRUWHGH[SHULHQFLQJDGLIIHUHQFHEHWZHHQ
SRVLWLYHDQGQHJDWLYHVWDWHV
&ODVVLILHUVIRU(PRWLRQ5HFRJQLWLRQ
+LJKDFFXUDFLHVDFKLHYHGDFURVVDOOXVHUVIRUFODVVLILFDWLRQRI
KDSS\YHUVXVVDGHPRWLRQDOVWDWHVSURYLGHIXUWKHUHYLGHQFHIRU
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WKH K\SRWKHVLV WKDW PRYHPHQW VHQVRU GDWD FDQ EH XVHG IRU
HPRWLRQ UHFRJQLWLRQ 7R EXLOG SHUVRQDO PRGHOV ZH XVHG
VWDWLVWLFDOIHDWXUHVWKDWDUHFRPSXWDWLRQDOO\FKHDSZKLFKZRXOG
PDNHLWIHDVLEOHWRGHSOR\DVPDUWZDWFKRUDPRELOHSKRQHDSS
WKDW FDQ WUDFNHPRWLRQV IURPPRYHPHQW VHQVRUGDWDZLWKRXW
WD[LQJWKHVPDUWZDWFKRUPRELOHSKRQHSURFHVVRU
8VLQJRQO\DFFHOHURPHWHUGDWDIRUHPRWLRQUHFRJQLWLRQUHVXOWHG
LQPHDQ$8&YDOXHVRIDW OHDVWIRUDOOFRQGLWLRQV7KH
FRPELQDWLRQRIDFFHOHURPHWHUGDWDIHDWXUHVDQGKHDUWLQFUHDVHG
WKHRYHUDOOSHUIRUPDQFHRIPRGHOVWRDPHDQ$8&RI7KH
XVH RI DFFHOHURPHWHU KHDUW UDWH DQG J\URVFRSH IHDWXUHV
LQFUHDVHG WKH PHDQ $8& WR  7KLV SURYLGHV D VWURQJ
PRWLYDWLRQWRXVHJ\URVFRSHDQGKHDUWUDWHGDWDLQDSSOLFDWLRQV
DWWHPSWLQJ WR LQIHU HPRWLRQDO VWDWHV IURP PRYHPHQW GDWD
HVSHFLDOO\ JLYHQ WKDW DSSOLFDWLRQ SURJUDPPLQJ LQWHUIDFHV RI
PRELOH SKRQHV DQG VPDUW ZDWFKHV PDNH LW HDV\ WR UHWULHYH
J\URVFRSHDQGKHDUWUDWH,QDGGLWLRQWKHKLJKLPSRUWDQFHRI
WKHKHDUWUDWHIHDWXUHLQUDQGRPIRUHVWPRGHOVRXJKWWRHQFRXUDJH
GHYHORSHUVWRXVHKHDUWUDWHGDWDIURPDVPDUWZDWFKIRUHPRWLRQ
UHFRJQLWLRQ
:KHQ FRPSDULQJ WKH FODVVLILFDWLRQ UHVXOWV XVLQJ IHDWXUHV
H[WUDFWHGIURPDOOVHQVRUGDWDRQFODVVLILFDWLRQRIKDSS\YHUVXV
VDGHPRWLRQVZHDFKLHYHGKLJKILGHOLW\HPRWLRQUHFRJQLWLRQ
PRGHOV ZLWK DQ DFFXUDF\ RI  IRU   RI WKH
SHUVRQDO PRGHOV DYHUDJHILGHOLW\ PRGHOV ZLWK DQ DFFXUDF\
EHWZHHQ  DQG  IRU   RI WKH SHUVRQDO
PRGHOVDQGORZILGHOLW\PRGHOVZLWKDQDFFXUDF\RIIRU
  RI WKH SHUVRQDO PRGHOV 7KHVH UHVXOWV DUH
HQFRXUDJLQJ+RZHYHUWKH\DOVRLQGLFDWHWKDWIXUWKHUZRUNLV
QHHGHGWRDFKLHYHFRQVLVWHQWUHVXOWVDFURVVGLIIHUHQWXVHUVDQG
DFFXUDFLHVFORVHUWR)RUH[DPSOHWKLVFRXOGEHDFKLHYHG
E\ H[WUDFWLQJ DGGLWLRQDO IHDWXUHV XVLQJ D PRUH FRPSOH[
FODVVLILHURUE\FROOHFWLQJPRUHGDWD IRU WUDLQLQJDQG WHVWLQJ
SHUVRQDOPRGHOV/DVWO\RXUUHVXOWVRQHPRWLRQFURVVYDOLGDWLRQ
KLJKOLJKWWKDWSHUVRQDOPRGHOVIRUDERXWKDOI WKHSDUWLFLSDQWV
DUHOHDUQLQJIHDWXUHVWKDWFDSWXUHHPRWLRQV
/LPLWDWLRQV
3UHYLRXVVWXGLHVKDYHXWLOL]HGDFRQWUDVWH[SHULPHQWDOSDUDGLJP
WRPDQLSXODWHWKHIROORZLQJSDUWLFLSDQWV¶PRRGVSRVLWLYHYHUVXV
QHJDWLYHPRRG>@QHJDWLYHRUQHXWUDO>@SRVLWLYHQHJDWLYH
DQGQHXWUDO>@XVLQJPXVLFRUDYDWDUV3DVWUHVHDUFKILQGLQJV
LQGLFDWHWKDWQHJDWLYHPRRGVWHQGWRUHGXFHPRRGUHFRYHU\DQG
D VORZHU UHVSRQVH IRU DFFXUDWHO\ LGHQWLI\LQJRWKHU HPRWLRQDO
H[SUHVVLRQV>@$OWKRXJKWKHVHXVHUVWXGLHVGLGQRWDSSO\
WRHPRWLRQUHFRJQLWLRQIURPVHQVRUGDWDREWDLQHGIURPDVPDUW
ZDWFK ZH GLG QRW DGGUHVV LVVXHV VXFK DV UHGXFHG PRRG
UHFRYHU\ IRU SDUWLFLSDQWV ZKR ZHUH VKRZQ WKH VDG VWLPXOXV
ILUVWKRZHYHUZHGLGSHUIRUPFRXQWHUEDODQFLQJIRURXUVWLPXOL
RQRXUSDUWLFLSDQWV
7KHLQWHJULW\RIVHQVRUGDWDLVDFRQFHUQ)RU&RQGLWLRQVDQG
SDUWLFLSDQWVZHUHSULPHGZLWKDXGLRDQGDXGLRYLVXDOVWLPXOL
IRUDIHZPLQXWHVEXWEH\RQG3$1$6VFRUHVZHGRQRWKDYH
RWKHUPHDQVWRLQGLFDWHWKDWWKHVWLPXOXVKDGWKHLQWHQGHGHIIHFW
)XUWKHUPRUH WKH HIIHFW RI WKH VWLPXOXV RQ SDUWLFLSDQWV LV
TXHVWLRQDEOH JLYHQ WKDW SDUWLFLSDQWV ZHUH QRW HPRWLRQDOO\
LQYHVWHGLQPRYLHDQGPXVLFFOLSVWKDWZHUHVKRZQ3HUVRQDO
PRGHOV GR GLVWLQJXLVK DW KLJK DFFXUDFLHV EHWZHHQ IHDWXUHV
H[WUDFWHGIURPKDSS\VDGDQGQHXWUDOHPRWLRQVEXWZHGRQRW
NQRZ IRU FHUWDLQ WKDW KDSS\ GDWD LV WUXO\ DVVRFLDWHG ZLWK D
³KDSS\´ HPRWLRQDO VWDWH LQ XVHUV ,Q JHQHUDO JLYHQ WKDW WKH
PL[HGGHVLJQVWXG\FRQVLVWHGRIFRQGLWLRQVSDUWLFLSDQWV
LVDVPDOOVDPSOHVL]H
)URPDPRGHOLQJDQGGDWDDQDO\VLVSRLQWRIYLHZWKHDPRXQW
RIGDWDFROOHFWHGZDVVPDOO+HQFHWKLVOLPLWVWKHWUDLQLQJDQG
YDOLGDWLRQRIFODVVLILHUV$OWKRXJKSHUVRQDOPRGHOV\LHOGHGKLJK
DFFXUDFLHV IRU PDQ\ XVHUV IRU RWKHU XVHUV WKH UHVXOWV ZHUH
VOLJKWO\ EHWWHU WKDQ UDQGRP JXHVVLQJ )LQDOO\ ZH GLG QRW
FRQVLGHUPRUHIOH[LEOHPRGHOLQJDSSURDFKHVVXFKDVXVLQJD
WLPHDZDUH PRGHO RU XVLQJ D QHXUDO QHWZRUN WUDLQHG RQ UDZ
VHQVRUGDWDLQVWHDGRIH[WUDFWLQJIHDWXUHVIURPVOLGLQJZLQGRZV
7KHSHUVRQDOPRGHOVZHEXLOWDUHQDwYHLQWKDWHDFKZLQGRZLV
DQLQGHSHQGHQWVDPSOH7KHUHIRUHDPRGHOFRXOGSRWHQWLDOO\
SUHGLFWKDSS\VDGKDSS\IRUFRQVHFXWLYHRQHVHFRQGZLQGRZV
ZKLFKLVXQUHDOLVWLFDVDXVHULVQRWOLNHO\WRJRIURPKDSS\WR
VDGDQGEDFNWRKDSS\LQDPDWWHURIVHFRQGV7KLVOLPLWDWLRQ
RIRXUPRGHOLQJDSSURDFKZLOOEHDGGUHVVHGLQIXWXUHZRUN
&RPSDULVRQ:LWK3ULRU:RUN
2XUZRUNLVFORVHVWWRWKHZRUNUHSRUWHGSUHYLRXVO\>@,Q
>@WKHGHWDLOVRIWKHGHVLJQVWXG\DUHRPLWWHGLQFOXGLQJWKH
FKRLFH RI YLGHRV DQG SURFHGXUHV $ OLPLWDWLRQ LQ D SUHYLRXV
VWXG\>@LVWKDWGDWDZDVFROOHFWHGIURPWZRPRELOHSKRQHV
RQH VWUDSSHG WR WKH ZULVW DQG RQH VWUDSSHG WR WKH DQNOH RI
SDUWLFLSDQWV ,Q D SUHYLRXV VWXG\ >@  SDUWLFLSDQWV ZHUH
UHFUXLWHG WZLFH WKH VL]HRIRXU VDPSOH DQG VPDUWEUDFHOHWV
ZHUHXVHGIRUGDWDFROOHFWLRQZLWKSDUWLFLSDQWVZHDULQJDVPDUW
EUDFHOHWRQWKHZULVWDQGDQRWKHUVPDUWEUDFHOHWRQWKHDQNOH
ZLWK WKH ODWWHU YLRODWLQJ HFRORJLFDO YDOLGLW\ :H DFKLHYHG
DFFXUDFLHVFRPSDUDEOHWRWKRVHUHSRUWHGLQDQRWKHUVWXG\>@
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